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THE ORGANIZATION OF THE METEOROLOGICAL SERVICE 
IN SOME OF THE PRINCIPAL COUNTRIES OF EUROPE, 
By A. LAWRENCE ROTCH, 

Member of the German Meteorological Society, and Fellow of the Royal (London) Meteor- 
ological Society. 

THE METEOROLOGICAL OBSERVATORIES IN PARIS. 

THE PARIS OBSERVATORY. 

This institution was until 1877 the National Observatory and 
the headquarters of the Weather Service of France under Le 
Verrier, as has been before mentioned, but its interest from 
a meteorological point of view is now chiefly ip its long series 
of observations. . 

The temperature observations date from 1666, but it is impos- 
sible to have precise data before 1671, when Cassini established 
his instruments. The thermometers of the time were very 
imperfect, so that it is difficult to deduce from these early obser- 
vations mean values which are comparable with those of to-day. 
The first thermometer was the aleohol one of La Hire, which 
was hermetically sealed and fastened to the wall of the open 
eastern tower of the Observatory, where it was protected from 
wind and sun. It was observed from 1669 to 1754. While 
La Hire was making his observations, Cassini was using a 
Fahrenheit thermometer placed at the north window of the east 
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tower, 25 feet above La Hire’s. This thermometer was observed 
from 1682 to 1705, and read 55° (12.7° C.) in the Observatory 
cellars when first set up, and 54.7° (12.6° C.) 20 years later. 
From 1706 to 1732 Amonton’s thermometer was employed, but 
there are many gaps in these observations. From 1732 to 1750 
the thermometers of La Hire and Reaumur were placed side by 
side and gave the cellar temperature as 12.8°. An aleohol 
teaumur thermometer was read from 1750-56, and a mercurial 


one from 1763-78. The latter instrument gave the cellar tem- 


perature as 11.1°, and from numerous comparisons read 2° lower 


than the alcoholic thermometer. New thermometers of Mossy 
were installed in 1782 and 1792, the last one giving the cellar 
temperature as 11.6°. The French Revolution caused numer- 
ous breaks between 1787 and 1803, but from 1804 to the present 
time the observations have been regularly maintained, and the 
thermometer used by Arago is now exposed in a metallic screen 
outside a north window of the east tower, about 25 feet from the 
ground. Self-registering thermometers were first used in 1835; 
up to this date the minimum temperatures were taken as the 
readings at sunrise and the maximum readings as those at 3 P. M. 

The extremes of temperature during the long period are —23° 
and 40° C. From the annual extremes it appears that the warm- 
est summers occurred in the middle and last half of the past 
century, and that the coldest winters were spread over a little 
later period. The mean temperature, deduced from 96 years, is 
10.7° C. which coincides nearly with the temperature of the Ob- 
servatory cellars, 29 m. below the courtyard, assuming that 
there was an increase of one degree at this depth. These obser- 
vations do not form a sufficiently long series to prove that the 
climate is undergoing a permanent change, or that it is only 
acted upon by temperature oscillations of long period. 

The first pluviometric observations were made at the Paris 
Observatory in 1689 by La Hire. ‘lhe gauge which he used was 
placed on the east tower and was connected with the receiver by 
atube 21 m. long. This bad arrangement was not modified until 
1803 when a new gauge having a diameter of about 50 cm. was 
placed on top of a winding staircase leading to the terrace, 28 
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m. above the ground. The cock is locked, which allows the 
water to run into the glass graduated to hundredths of millime- 
ters. This gauge is still in use, but in winter its indications 
are not reliable. In 1817 another gauge was placed in the 
northwest portion of the courtyard, and is still employed. It 
has a diameter of about 75 em. and its mouth is about 2 m. 
above the ground. It is enclosed by a wooden case, and in win- 
ter a stove melts the snow. Some poplar trees planted in 1854 
to the east ot the gauge, which affected the quantity of rain 
caught by it, have recently been cut down. The ratio between 
the amounts of rain collected by the two gauges is about 1.13 
more for the courtyard gauge, but during the last few years, 
owing to the growth of the trees diminishing the cireulation of 
the air in the courtyard, while the conditions affecting the ter- 
race gauge remained nearly the same, the ratio became less. 
The indications of the terrace gauge are on the whole considered 
as more comparable. 

From statistics of the rainfall from 1688 to 1871 it appears 
that the wettest year was 1804 with a fall of 703 mm., and the 
driest 1733 with 210 mm. ‘The driest period was from 1718 to 
1747, the wettest period from 1733 to 1788. After this in 
decreasing amounts came the periods 1549 to 1871, and 1819 to 
1848. In the present century the winter rains have been dimin- 
ishing from 1804-1818 until the present time, while the summer 
rains, on the contrary, have been increasing. 

Observations of the declination of the magnetic needle, made 
in the same locality, extend over 205 years with many breaks, 
having been commenced at the Paris Observatory by Picard in 
1667. Since 1806 the compasses of Lenoir and Gambey have 
been in use. The declination has varied as follows: In 1580 it 
was east of the true north with which it coincided in 1663, then, 
continuing its movement to the west, it reached a maximum of 
22° W. about 1814, and fluctuated around this figure until 
about 1825, since which time there has been a retrograde move- 
ment towards the east, and the present value is about 17° W. 
The inclination of the magnetic needle has not been so regu- 
larly measured, but since 1671 it has been constantly diminish- 
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ing in amount. A series of vaults constructed a few years ago, 
6 m. underground, are so damp that notwithstanding methods of 
drying and ventilating they cannot be used. In 1871 the mag- 
netic instruments were transferred to the Montsouris Obser- 
vatory. 

The only registering apparatus at the Paris Observatory are 
the Bourdon and Seyrig anemometers. The former, installed 
in 1883, is an aspiration anemometer in which the suction pro- 
duced by the wind blowing through a horizontal Venturi tube 
acts on a vacuum-box and registers its velocity in meters per 
second and its direction upon a band of paper. The other instru- 
ment is a wind-pressure gauge whose plate acts against a spring 
and registers upon a drum turned by clockwork the force of the 
wind. 

Meteorology has been neglected at the Paris Observatory 
since the establishment of the Central Meteorological Office in 
1878. Its present director is Admiral Mouchez. 


THE MONTSOURIS OPSERVATORY., 


History.—This Observatory was founded in 1871 by the Min- 
ister of Public Instruction, through the influence of the scien- 
tists, MM. A. Dumas and Ch. Ste-Claire Deville, with the gen- 
eral aim to make researches upon growth and health as affected 
by the changes of weather and the composition of the air. It 
is managed by a Commission whose president and the first 
director, M. Ste-Claire Deville, was sueceeded by M. Marié- 
Davy. For a short time the Montsouris Observatory was at- 
tached to the Paris Observatory, which at that period was the 
headquarters for weather telegraphy. 

Hygienic observations, commenced in various parts of Paris 
in 1876, were placed under the supervision of the Montsouris 
Observatory, and in 1879 the municipal authorities put at its 
service a tract of land at Gennevilliers for the study of sewage 


questions. In 1884, an auxiliary station was established in the 


centre of Paris, for the collection of hygienic data. From Jan- 
uary 1, 1887, the Montsouris Observatory ceased to belong to 
the state and became a municipal station. At the same time, 
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the director, M. Marié-Davy, resigned and his place has not 
been filled. The three distinct services: meteorology, terres- 
trial magnetism and the physics of the atmosphere; chemistry 
of the atmosphere and meteorology applied to agriculture; and 
the micrography of the atmosphere; have their respective chiefs. 

The Observatory.— It is located in the Park of Montsouris, 
adjoining the fortifications, in the southern quarter of Paris, 
which it overlooks. About two hectares are enclosed for the 
Observatory, which occupies the highest point of the Park at an 
elevation of 79 m. Unfortunately, the Sceaux and Belt railways 
pass. through the Park and intersect only 200 m. from the Ob- 


servatory, and these must affect the magnetic observations. 


The main building, in which formerly lived the director and his 
family, is an imitation of the palace of the Bey of Tunis, serving 


as a coffee-house at the Paris Exposition of 1867, and is not 
adapted to the purpose of an observatory. 

The Meteorological and Magnetic Instruments and Observa- 
tions.— The work of the meteorological department, including 
atmospheric electricity and terrestrial magnetism, consists in 
direct eye observations, generally made every three hours from 
6 a. M. to midnight, serving also to control the curves traced by 
the self-recording instruments, and in the discussion of the 
results from a meteorological and agricultural standpoint. 

The barometers are placed in a covered court-yard. The nor- 
mal siphon barometer of Salleron is read by an attached cathe- 
tometer to .002 mm. A Tonnelot-Renou closed cistern barom- 
eter, with a capacity correction for the change of level of the 
mereury in the cistern, is in current use, as are the recording 
barometers of Redier and Salleron. In the latter the baromet- 
ric tube is fixed, and has at its lower extremity a cylindrical 
plunger. The cistern is suspended to one end of the beam of a 
balance, the other end of which carries a counterpoise. When 
in consequence of a rise of the barometer, a part of the mer- 
eury ri-es from the cistern into the tube, the former thus ren- 
dered lighter, tends to rise, with the effect of introducing into 
the mercury of the cistern a greater length of the cylindrical 
plunger. Equilibrium is only reéstablished when (the volume 
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of mercury displaced by the plunger being equal to that which 
corresponds in the tube to the increase in height of the baro- 
metric column) the level of mercury in the cistern returns to its 
constant point, and when, consequently, the apparent weight of 
that cistern has resumed its fixed value. The needieof the beam 
of the balance marks its displacement on the smoked paper of a 
cylinder revolved by clockwork. The armature of an electro- 
magnet carries an arm with a steel point which traces on the cyl- 
inder a datum line from which the ordinates of the barometric 
curve are measured; but every hour the electro-magnet is acted 
upon by aclock marking the time on all the registers, and the 
point makes a stroke which is reproduced at the same instant on 
the other cylinders. At the end of the week the cylinder is 
removed, to be replaced by another, and is placed on the micro- 
metric apparatus to have the curve reduced to figures. This con- 
ists of a bench with supports for the axis of the cylinder, and of a 
stand with two microscopes which may be moved either sepa- 
rately or together in a horizontal direction. By means of an end- 
less screw, a movement of rotation on its axis may be given to 
the cylinder for the purpose of presenting successively to the 
microscopes the various faces of the cylinder. One microscope 
is always pointed to the datum line, and at each hourly reading 
one of the horizonal traces on the datum line is brought under 
the horizontal thread of the microscope. A second horizontal 
thread is movable by a micrometer screw, and serves to divide 
the hours. The other microscope is supported at the extremity 
of an arm of a lever, the length of which is equal to that of the 
barometric and other needles. Tha first microscope being direct- 
ed to an hourly mark, the axis of the second is pointed to the 
corresponding point of the curve. The sine of the angle of 


. . . . . . a . 
position of its lever, multiplied by a constant factor and in- 


creasecl by a constant, gives the height of the barometer. When 
the reading of the curve is made and verified the sheet of black- 
ened paper is taken off the cylinder and soaked in a solution of 
gum lac in alcohol, which “fixes” the curve, and it may then be 
filed away. The records of the other instruments are treated in 
the same way. 
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In the garden among trees is the thermometer shelter of Ste- 
Claire Deville. It is essentially the same as that at the Park of 
St. Maur, except in its construction of iron. Under it, at a 
height of 2 m. from the ground, are the usual thermome- 
ters and the registering thermometer and hygrometer of Rich- 
ard. Comparisons of the shelter with the Kew and Greenwich 
screens and with a sling thermometer showed but small differ- 
ences. Under the shelter, also, are an evaporimeter, or atmom- 
eter, and two hair hygrometers. The Piche evaporimeter-is an 
inverted graduated test tube, filled with water, and its mouth 
closed by a disk of filter paper held by a spring. The Eichen’s 
hygrometer has a 15 mm. long hair stretched by a fine wire 
and enclosed in a tube. The alteration in length of the hair is 
read by a microscope to 0.1 mm. In the Salleron hair hygrom- 
eter, equal amounts of humidity correspond to equal diyisions on 
the are over which the needle moves. 

Maximum and minimum thermometers are placed over sod and 
at distances of 0.02 m., 0.10 m. 0.20 m. and 0.30 m. underit. The 
standard actinometer consists of two black and bright bulb ther- 
mometers in vacuo, placed 2m. above the sod and read twice 
daily. Special attention has been given to actinometry at 
Montsouris, and it is proposed to render comparablé the indica- 
tions ot instruments in various places by determining a constant 
for each instrument, after which the actinic degree can be calcu- 
lated by the formula of Bouguer. Another actinometer, based 
on that of Bellani, has a blue bulb in vacuo. This bulb con- 
tains alcohol, which is vaporized by the sun’s heat and con- 
densed in a graduated tube. The amount of condensation is 
measured daily and represents the total solar radiation approx- 
imately. 

The thermograph has seven needles recording on one cylin- 
der, composing three distinct instruments: psychrometer, earth 
thermometer and actinometer. One needle traces the datum 
line and time scale. The motor of the thermograph is a 


Bourdon tube of copper with an elongated elliptical section 


twisted into a spiral. This tube is filled with aleohol under 
pressure and closed at its two ends, one of which is fixed, so that 
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the expansion of the aleohol compels it to untwist and the free 
end of the tube bears the needle which registers. The psychrom- 
eter is formed of two twisted tubes placed outside, and perpen- 
dicular to the north face of the wooden kiosk which shelters the 
cylinder. Their furthest extremity is fixed, the other is pro- 
longed through the walls of the kiosk by a stem of copper 
carrying the registering needle. One of the twisted tubes is un- 
covered, and forms the dry thermometer; the other is covered 
with eambric and kept moist by means of cotton wicks dipped 
in small glass cups connected by a rubber tube, with a Marriotte 
flask inside the kiosk. The indications of this apparatus are 
controlled by eye observations of mercurial thermometers, sim- 
ilarly exposed under a zine roof and screened by blinds on the 
east and west sides. A modification of Klinkerfuess’ hygrom- 
eter, constructed by Richard brothers, has lately replaced the 
wet and dry Bourdon tubes, with the advantage of operating in 
winter. In this instrument a bundle of human hairs acts at an 
obtuse angle upon a lever which traces the curve of relative 
humidity upon a revolving cylinder. The earth thermometer is 
composed of two parts: a thermometrie reservoir of black cop- 
per is placed on the surface of a mass of vegetable mould, whose 
top is flush with the platform on the roof of the kiosk; this 
reservoir communicates by a capillary tube of copper with a 
twisted tube placed in the kiosk under the cylinder of the reg- 
ister. When the temperature of the ground rises, a portion of 
the alcohol passes from the upper reservoir into the twisted 
tube, the pressure increases and the tube untwists; but the 
twisted tube itself, and its copper capillary tube, are themselves 
acted on by the variable temperatures which complicate the re- 
sults. A second twisted tube, similar to the first, provided with 
its capillary tube, serves to give the necessary corrections. The 
two twisted tubes arranged parallel to each other in a trough 
filled with a solution of glycerine and water and the two capil- 
lary tubes are soldered toeach other throughout their length. 
The two needles trace two curves, one very slightly sinuous, and 
the other very undulating. The differences of their ordinates 
give the temperatures of the ground exposed to the sun during 
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the day, to nocturnal radiation during the night, to rain and evap- 
oration. The actinometer is also composed of two twisted tubes, 
resting parallel to each other in the above mentioned trough, 
and of two capillary tubes. To each of these tubes corresponds 
a reservoir placed on the roof of the kiosk, and inclosed in an 
exhausted envelope of glass. One of the reservoirs is silvered, 
the other is blackened. Placed symmetrically at a little distance 
from each other, and far from any shelter, they give the same 
indications during the night, but during the day the black ther- 
mometer registers higher than the white one. The difference 
of the ordinates of the curves traced by the two needles serves 
to measure the actinic degree. This apparatus has been dam- 
aged by fissures appearing in the twisted tubes, and an actino- 
meter constructed by Richard brothers, has been tried. <A black 
and bright ball each communicate with a thermometric tube, 
and a second short tube neutralizes the effect of variations of 
temperature on the first, so that the instrument registers only 
the changes of temperature in each globe. 

The totalizing rain-gauge of Hervé Mangon, 2 m. above the 
ground, is employed, and in winter the method of taking a sec- 
tion of snow is adopted. The registering rain-gauge of Breguet 
has its receiver upon a post 1.8 m. above the ground, communi- 
eating with a cylinder by a subterranean tube about 9 m. long. 
A piston in the cylinder by means of a rack and pinion turns a 
cam, and this operates a lever which inscribes the rainfall upon 
a blackened drum, revolving on its axis in forty-eight hours. 
This instrument is inoperative during snowfalls, and is then 
supplemented by the atmograph. This is another registering 
instrument, intended to mark the variations of weight of a mass 
of earth whose surface is flush with the roof of the kiosk and is 
exposed to the sun, to evaporation, to rain, snow and dew. Ata 
little distance is the registering rain-gauge. The comparison 
of the two curves shows what becomes of the water which falls 
on the bare earth, distinguishing between what returns to the 
atmosphere by vaporation and what penetrates the sub-soil 
which is permeable or drained. Another atmograph gives 


similar indications for a soil covered with various plants. Both 
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these instruments, made by Richard brothers, consist of a 
balance with the platform above, carrying the earth or the plant 
of which the evaporation is to be measured; the needle of the 
balance registers its movements either directly or by the inter- 
vention of another lever upon a blackened and rotating cylinder. 
A bottle serves to catch any overflow from the vase containing 
the earth, and a plunger in mercury t) diminish the oscillations 
caused by wind, which are, nevertheless, very perceptible. 

The anemometer consists of a set of Robinson cups for the 
velocity of the wind and a vane with double fans for its direc- 
tion, exposed on top of a mast 18 m. high. The anemograph of 
Salleron gives the direction of the wind and its mean rate per 
hour. Eight electro-magnets communicating electrically with 
the sectors arranged in the vane according to the eight princi- 
pal points of the compass, can by acting singly, or two and two, 
record the winds for sixteen directions. A ninth electro-magnet 
is acted on each time that the Robinson cups show a distance of 
1 km. travelled by the wind. The point which marks the veloc- 
ity then advances 1 mm. horizontally. This action is pro- 
duced during one hour; at the end of this time the needle of the 
clock establishes an electric contact, and the metallic poiut is 
restored to its starting point. The maximum velocities of gusts 
of wind are furnished by the apparatus of Hervé Mangon, in 
which each time that the wind has travelled 500 m. the magnet 
marks a point on the band of paper which is unrolled uniformly 
by clockwork. The direction of the upper currents, as indi- 
cated by the cirrus clouds, is obtained by noting the motion of 
their images in a mirror whose circumference is divided in six- 
teen parts. 

Atmospheric electricity is collected either in the Thomson 


system, by a jet of water, to which in winter glycerine is 


added, or, for irregular observations, by the combustion of a fuse 
made of paper, impregnated with nitrate of lead and exposed on 
an isolated point. In the main building are the electrometers. 
The Branly-Thomson has.the upper ebonite plate replaced by 
glass, and the movements of the needle are read by a telescope 
furnished with a scale. Observations are made each three hours 
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during the daytime. The indications of a similar double 
electrometer—one instrument being ten times more sensitive 
than the other—can be registered photographically by the 
Salleron apparatus. By means of prisms and lenses, the light 
from a gas jet falls on the mirrors of the quadrant electrometers 
and is reflected upon a cylinder covered with sensitized paper, 
which turns in two and a half days. The hours are marked by 
an electro-magnet which grounds the electrometers for a few 
minutes at every hour, and thus discharges them and brings the 
mirrors to zero. 

The study of terrestrial magnetism includes the determination 
of absolute values of declination, inclination and intensity, the 
observed variations of these elements and their registration by 
photography. Absolute values of the three elements are ob- 
tained with the portable theodolite compass of Brunner placed 
on stone piers in the Park or in the fortifications of Paris. A 
chart of the declination in France, revised by MM. Marié Davy 
and Descroix, was published in 1876. Absolute inclination is 
also measured by the dip-circle of Brunner. The instruments 
for eye observations of variation, mounted on stone piers in a 
wooden octagonal pavilion, in whose construction no iron en- 
tered, are a declination and bifilar compass, constructed by 


Eichens and read by a telescope on a scale, and the dip-circle of 


Brunner. 

Observations of these instruments four times a day control 
the registration of the declinometer and bifilar magnetometer, 
which are placed in a vault having a tolerably constant temper- 
ature. The registering apparatus is similar to that used with 
the electrometer. The light from a gas jet after passing through 
a narrow slit and a lens falls upon a mirror attached to the 
magnetic needle. On emerging from a cylindrical lens it forms 
a luminous point upon paper rolled off a drum by clockwork. 
A datum line is traced on the paper by a spot of light reflected 
by a fixed mirror, and the hours are marked by automatically 
interrupting the flow of gas and thereby cutting off the light. 
M. Descroix proposes to connect the perturbations of the curves 
traced by the declinometer and electrometer with the move- 
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ments of cyclones as an aid to weather forecasts, and to show 
that during seismic disturbances the former instrument is 
affected. 

Staff, Budget, and Publications.— M. L. Descroix directs the 
department of meteorology, terrestrial magnetism, and atmos- 
pheric physics. The other and most important departments are 
that of chemistry, relating to the chemical analysis of the air 
and meteoric waters collected, of which M. A. Levy has charge, 
and the department of micrography, where the microscopic 
study of the organic dusts held in suspension by the air, and of 
the meteoric waters, is conducted under Dr. P. Miquel. There 
are twelve employes in all, of whom three belong to the mete- 
orological, four to the chemical, and five to the micrographical 
departments. The Observatory formerly received an annual 
budget of 60,000 francs from the state and city, but this is now 
reduced to 40,000 frances appropriated by the city, of which 10,- 
000 franes only go to the meteorological department. 

The Annuaire de Observatoire de Montsouris with 1887 
reached its sixteenth year of publication. It is an 18mo. vol- 
ume, issued about the middle of the year whose date it bears, and 
contains a summary of the meteorological, chemical and micro- 
graphic work of the previous year, discussed with reference to 
agriculture and hygiene, together with a description of the in- 
struments employed and the ancient meteorological data for 
Paris. A monthly Bulletin, containing the detailed hourly 
observations, was published from 1872 to 1877, and the observa- 
tions continue to appear weekly in the Bulletin de Statistique 
Municipal de la Ville de Paris. The data are also published: 
monthly in the Comples Rendus of the French Academy. 


ANEMOMETER COMPARISONS, 


By H. A. HAZEN. 


It is quite interesting that there have been two recent nearly 


similar and independent attempts to solve the anemometer prob- 
lem, one in this country with a whirling arm of 28 and afterward 
35 feet, and the other in England with an arm whose extreme 
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length was 29 ft. A brief abstract of the latter experiments was 


published in this yourRNAL for July, 1888, p. 142, but a more com- 
plete report has just appeared in the Q. Met. Jour. for Oct., 
1888. It may be well to present some of these later results. , 

The problem is easily stated, though the solution has been ex- 
tremely difficult. Nearly all methods of measuring wind move- 
ment have given way to the simple cup anemometer devised by 
Robinson. It has been found that the travel of this anemom- 
eter varies with the length of arm and diameter of cup. The 
problem is to find the ratio between the motion of the wind and 
that of the centre of the cup, or to find the so-called “anemom- 
eter factor.” Prof. Robinson decided that in all cases this 
factor should be 3, and nearly all instruments have used this 
ratio. Unfortunately, much confusion has arisen from applying 


’ 


the term “anemometer factor” to an entirely different quantity, 
namely, aterm which attempts to exclude a so-called “friction 
constant.” Let w= wind movement and v = travelof the cup 


centre, then the “anemometer factor” x is, 


We also have more recently, 
w-—a-+ bv, 
in which ais the “friction constant,” often taken as 1 metre per 
second (2.24 miles per hour), and b is a second constant erron- 
eously called the “anemometer factor.” Substicuting the value 
of v in the first equation, we obtain, 
wh 


’ 


For the anemometer used in this country,arms 6.72 in. and cups 
4 inches, some Russian experiments have shown b equal to 
about 2.47, and this gives values of x as follows: 
Ww 
5 
10 
15 
20 
25 
It has been often published that our anemometers which as- 
sume x as 3.00, give 20 per cent. too much wind, but we see that 
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even by these values, our velocities are about right from 10 to 
15 miles per hour, and for less velocities they give too little wind, 
and even at 25 miles the amount would be only 10 per cent. too 
much. These doubts as to wind results in this country led the 
Chief Signal Officer to arrange for a few comparisons. It was 
decided to use a whirling arm of 28 feet. The details of the 
experiment, which were admirably worked out by Professor 
Marvin, with the results, will shortly be published in extfenso. 
The first experiments were tried in a large, nearly closed 
court of the War Department building, about 80 feet square. It 
was found that the air circulation, even in this court, was suffi- 
cient to entirely vitiate the results. Jt would seem at first sight 
as though a wind would act uniformly on both sides of the 
whirler, “.¢., a current flowing from east to west would retard 
the cups at the north part of the whirl,but would accelerate them 
the same amount at the south part. Probably there were eddies 


in the court different from a straight line wind, but a still more 


important consideration was suggested by Professor Marvin, and 


that is, that any current would act continuously upon an ane- 
mometer, and while at two portions of the whirl its action would 
be neutralized, at the other two-fourths the current would al- 
ways accelerate the cup motion. This is most important in con- 
nection with the English experiments, which were in the open 
air. After a few trials the apparatus was taken to the large 
closed court of the Pension Office, which indeed was intended 
from the first. This court, 290x90x100 ft., forms a most mag- 
nificent spot for such investigations. Even here it was found 
that, in the summer time so many windows were opened, no sat- 
isfactory results could be had, except after office hours when all 
doors and windows could be closed. Several anemometers 
having different arms and cups were tested. Of the results two 
are given here, and these without the final corrections. 
W A 
Washington. St. Petersburg. Hamburg. 
5 2.82 3.30 4.41 3.83 
2.76 3.11 3.17 2.97 
15 2.69 3.05 2.90 2.77 
2.62 2.98 2.77 2.68 
2.89 2.71 2.62 





Anemometer Comparisons. 


A had 6 in. cups and 5 in. arms. 

B had 4 in. cups and 6.72 in. arms. 

There are added the results for anemometer B computed from 
Dohrandt’s formula determined at St. Petersburg, and also the 
results from whirling B at Hamburg. It will be noticed that 
anemometer A gives quite uniform results at different velocities, 
as indeed had been suggested by Stow after a few wind com- 


parisons. He states the small anemometers relatively to large 


ones, move faster at low wind volocities than at high. In reality 
there seems to be a complicated effect, the larger cups have a 
greater motive power, but their weight is greater and they seem 
to stop more easily at low velocities. As the velocity increases 
the relative resistance of the air is probably slightly less, but 
then eddies and whirls among the eups tend to diminish the 
motion. 

A comparison of the results of the S. S. cups on the 28 ft. 
arm with those on arms of 11 ft. at St. Petersburg and Hamburg 
shows very great discrepancies. At 5 miles per hour the St. P. 
results show a falling off in the velocity of 35 per cent., and 
those at Hamburg of 16 per cent. while at 25 miles per hour, the 
former has 7 per cent. greater velocity and the latter Ll per 
eent.. While the Washington results may have an outstanding 
error of 5 per cent. at the highest velocity, yet these differences 
are very great, and it does not seem possible to account for all 
of them by the short arm of the whirler abroad, though the 
smallness of the room may have added to the difficulty some- 
what. 

The recent comparisons in England avoided many of the 
sources of error in solving this problem by the use of quite long 
arms for the whirler. There were four anemometers tested, all 
in the open air. No. 1 was the regular Kew standard, having 
arms of 24 inches and cups of 9 inches, the spindle was placed 
horizontal and in line with the arm, the centre of the cups being 
29 ft. from the axis of the whirler. This was quite objectionable, 
as the anemometer can never be used in this way. This practi- 
cally avoided the effect of air currents due to the wind, but the 
results cannot be closely applied to a vertical spindle. No. 2 
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? 


was a so-called “helicoidal anemometer ” somewhat like an air 
meter; the method of the original graduation is not given. It 
was placed at 28 feet from the axis of the whirler, and as was to 
be expected the results were more uniform than those from any 
other instrument, for the reason that it was affected very slightly, 
if at all, by the free air currents which could operate upon it 
only at two portions of the whirl, and where they practically 
balanced each other. Nos. 3 and 4 were anemometers of the or- 
dinary pattern, having cups 4” and 24” and arms 5.8” and 6.75”, 
respectively. They were placed on opposite sides of the axis of 
the whirler, and at 17 feet from it. For fear the cups would be 
wrenched off, the spindle was inclined to the arm of the 
whirler. This again was an abnormal position which is never 
used in the free air, and the results must be unsatisfactory ac- 
cordingly. 

Attempts were made to make the tests in still air, but it is said 
the wind often amounted to four miles per hour. This would 
have a tendency to lower the factor for the Robinson anemom- 
eters. The effect would be most noticeable at the lower veloci- 
ties; at ten miles per hour it often diminished the factor by 35 
per cent. and even more. The following table will make these 
points clear. 

ENGLISH EXPERIMENTS. 


4° Cups. 25° Cups. 
Still day. | Still day, 


7 

10) 22 2.06 2.69 
1D 2.16 2.4: 2.93 
20) 2.2 2¢ 3.10 3.63 
25 2.13 2.de 2 3.00 3.05 


3 
3. 
3 


BY) é. a. zZ. 3.16 


fi) 2 13 2.6 2.8 3 08 
15 , 25 = __ 301 | 


t 
te 
5) 


i 
| 
30 21 256 2.66 3.03 | 


It is rather dingerous to enter upon an extended discussion 
without having more of the details, but the following points 
seem to be plainly brought out. 

lst. At velocities above 30 miles per hour most of the results 
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(only slightly affected by the free wind) are quite satisfactory. 
2d. At less velocities the results are entirely untrustworthy. 
3d. Experiments 38-42, in the 4th and 6th columns of the 

table, seem to have been made on a very still day, and are prob- 

ably much nearer the true value than any of the others, though 
there seems to have been an error in the high velocities with 
the 2.5” cups. 

4th. These experiments seem to show that at velocities above 
25 miles per hour the factor is practically constant for these 
cups here used, and all other results have shown a tendency the 
same way. 

5th. The statement that the factor is nearly constant at all 
velocities and equals 2.15 for the Kew, 2.51 for the 4” cups, and 
2.96 for the 2.5” cups is entirely erroneous. 

It would seem as though we must make the final com parisons 
in the free wind, as there must be various eddics and sources of 
error with a whirling arm which could not be allowed for and 
which would be absent in the open air. It is plain, however, that 
we can hope for only relative results in the air unless we can 
obtain the true air travel by the movement of balloons or other 
light objects. An approximate value of this motion could be 
obtained with a carefully tested air meter which has its axis hori- 
zontal and in consequence is less affected by free air currents, 
eddies and other sources of error which render the Robinson ane- 
mometer unsatisfactory on the whirler. If we obtain the errors of 
its graduation we may use it in the free wind and thus obtain its 
motion. Here again we can hope for relative results only, as we 
cannot determine all the errors of the instrument; but if we have 
allowed for all errors induced by the whirler, and the compari- 
sons in the free wind do not agree, we may reasonably conclude 
that the air meter gives the more accurate result. 

Many of the evils of the whirler (which, however, it should 
be noted, do not amount to more than about 5 per cent. at 25 
miles per hour) may be done away by exposing an anemometer 
under a canvas tunnel on the front of two or three platform cars 
and running them back and forth over a straight track. Another 


stationary tunnel and anemometer at each end of the track would 
31 
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enable us to obtain the wind motion along the track, and all side 
winds in both the moving and stationary tunnels would be cut 
off. 

It has been suggested that the question of exposure of ane- 
mometers side by side in the free wind can never be very satisfac- 
tory, and serious errors may result in such comparisons. Asa 
matter of fact, however, such results may be had free from 
almost all error due to exposure. Stow found differences of 
only 3 per cent. or 4 per cent. in anemometers widely distributed 
over a large field, and I have made comparisons between 5 ane- 
mometers on a roof in which the diifference rarely amounted to1 
per cent. Anemometers of various sizes have been tested side 
by side at a height a little more than 20 feet above a roof, and the 
results are given below: 
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3.46 
3.25 
3.08 
2.93 
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15 
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A and Bhave already been described; C had 3” eups and 6.72” 
arms. D had a cup, first suggested by Mariott, a piece of tin 
bent in the middle at an angle of 60°. The length of the side 
was 4” and the opening was 4”. It was open at both ends. # 
had conical paper cups 8” diameter and with the center 6” from 
the spindle. In all these and succeeding results A is virtually 
assumed as the standard, and if the exact factor is determined 
for that or any of the others, the other figures will need slight 
modification accordingly. Anemometer D shows that it has very 
slight driving power, it has less eddy resistance and less ordi- 
nary friction at low velocity; it cannot be regarded, however, as 
at all serviceable. 

In some respects E is the most interesting of all the styles 
compared. The results for different hourly movements were 
remarkably uniform, and much more so than with any other 
anemometer. The small range at velocities from 2.5 to 20 miles 
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per hour shows the possibility of constructing an anemometer 
which shall lave a nearly constant factor. The shortness of arm 
enables a much lighter construction. We have a very great 
driving power, and virtually set friction at low velocities over 
against resistance from eddies at high velocities. It may be of 
some interest to transcribe the record with this anemometer and 
B for 48 hours. In the first set the two instruments were about 20 
feet above the roof, and in the second set they were 25 feet high. 
No attention has been given to the direction of the wind, and the 
figures are given just as counted from the sheet without check- 
ing. The number of turns for each anemometer may be 
found by multiplying each figure under the anemometer by 500. 
COMPARISON OF HOURLY VELOCITIES IN THE WIND OF ANEMOMETERS 
Bann E£., 








Feb. 12-13. Feb. 19-20. 
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Anemometers A, B and C were quite similar to those used by 
Stow in his free wind experiments, taking the Kew as his stand- 
ard. It would seem possible, with these roof comparisons at 
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Washington and Stow’s field comparisons, to obtain approx- 
imately the value of the Kew, which has never been done, espe- 
cially at low velocities. 


KEW FACTOR. 


B Cc Mean. Whipple. St. Petersburg. 


| 
| 
| 
309 317 283 : | 3.43 
10 2 33 2.49 259 : 2.26 2.82 
15 2.22 2.34 2.40 32 2.16 2.67 
20 2.06 2.20 224 | 2. 2.25 259 
25 2.08 2.17 2.09 2.10 2.12 | 2.55 











These figures from A, Band C are surprisingly accordant. 
The apparent discrepancy in the case of C at low velocities is 
due to great irregularities in Stow’s comparisons with the simi- 
lar anemometer. The open air experiments in England, already 
described, are given in the 6th column. It will be seen that they 
agree very well indeed at velocities above 15 miles per hour. 
The last column gives the best of Dohrandt’s results as embod- 
ied in the formula W = 150+24v. The discrepancies be- 
tween these results and the free wind results are very great, 
and it will be seen that no reasonable modification of the latter 
can remove these differences. 

In conclusion it may be said that while we have not arrived 
at an absolute value of the factor of a single anemometer at 


high velocities, yet the error is practically nothing in light 
winds, and is within five per cent. for high winds. It seems 


entirely possible to construct an anemometer with arms and 
cups so proportioned as to give a constant factor at all velocities. 


February 15, 1889. 





State Tornado Charts. 


TORNADOES IN GEORGIA. 


STATE TORNADO CITARTS.—GEORGIA.* 


By LIEUT. JNO. P. FINLEY, SIGNAL Servicer, U. S. A. 


TABLE I.—T7'ornadoes in Georgia. 


Period of observation, 94 years, 1795-1888. 

Total number of storms, 141. 

Year of greatest frequency, 1884,—38 storms, 
Month of greatest frequency, March,— 34 storms. 
Day of greatest frequency, February 19th,—22 storms. 
Hour of greatest frequency, 2:30 to 3:30 P. M. 

Months without storms, August. 

Prevailing direction of storm movement, N. E. 
Region of maximum storm frequeney, central portion. 


*For the sake of completeness there will be included in this series the States al- 
ready published independently, and reviewed in this volume of the JOURNAL, page 374. 
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CORRESPONDENCE. 


THE METEOR OF FEBRUARY 7TH. 


To the Editors :—An exceedingly brilliant meteor swept across 
the southern sky of this city about sunset on the evening of 
February 7th, at an elevation not far from 30 degrees. It was 
observed at various points in New Jersey and Connecticut. 
The sound of the final explosion was reported to have been 
heard at Burlington, New Jersey, over which it would seem to 
have been nearly central. Its brilliancy in the heavens still 
illumined by the sun, suggested a startling aspect had the hour 
been later. As described by an observer at Lake Hopatcong, 
N. J., it resembled the head-light of a locomotive, and was fol- 
lowed by a long funnel-shaped trail of greenish-blue fire, which 
suddenly changed to an intense red, accompanied by myriads of 
sparks, and then followed the explosion. As observed by the 
writer at Newark, N. J., it had the deliberate tremulous motion 
of a rocket, indicating that it was well within the limits of the 
atmosphere. 


A subsequent sextant measurement of the arcs by the writer, 


from memory only, gave a velocity of not far from 8 to 10 miles 


a second at an altitude of from 20 to 25 miles. Its apparent 
course was nearly in the same plane with the earth’s orbit, cross- 
ing the latter nearly in a western direction horizontally. 

The following conclusions, though of course hypothetical, 
were suggested. Since the density of air at that elevation is 
only about one-hundredth of that at the earth’s surface, and that 
of the latter equivalent to a uniform atmosphere five miles high, 
the air displaced if its passage had been vertical would have 
been equivalent to a horizontal range at the earth’s surface of 
about 260 feet, and with a horizontal passage equivalent to a 
range some 16 times greater. These rough estimates would 
indicate a meteor of large size and a large loss of initial velocity. 
A loss of only 60 per cent. would give an initial westerly com- 
ponent of from 20 to 25 miles, in addition to a component of 20 
miles in the direction of the earth’s orbit. Aside from the 
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velocity due to the earth’s attraction, and which must have been 
within 7 miles, a resultant velocity of only about 25 miles would 
be needed for an elliptical orbit with a major diameter more 
than double that of the earth, while a velocity of less than 30 
miles would have been needed for a hyperbola. Hence the 
inference seems strong that the meteor was approaching its 
perihelion along an orbit of great eccentricity, similar in char- 
acter to those of the August and November meteors. 
Wa ter 8. NIcHoLs, 


Associate Editor of the lus. Monitor. 
NEw York, February 14, 1889. 


THE MIGRATORY FLIGHT OF WILD GEESE. 


To the Editors:—All are familiar with the appearance of the 


migrating wild geese, that, moving northward in early spring and 
returning south about mid-autumn, appear to many observers 
the signal of decisive seasonal changes. Along with other migra- 
ting birds, their flight is often coincident with, or only a little 
in advance of a general and far-reaching atmospheric movement 
in the direction of their line of passage. 

A singular feature in the semi-annual flight of geese, is the 
way in which they arrange themselves about the leader — form- 
ing two sides of a triangle, with the patriarch of the flock at the 
apex. 

I have never seen any explanation of this peculiar arrange- 
ment of the flock in its migrations, and, so far as I know, it is 
peculiar to this species of bird. 

Some years ago, however, I had the opportunity of observing 
daily near at hand, the movements of water-fowl on the waters of 
the Amazon river, where geese and ducks, both wild and domes- 
tic, are seen in great abundance and almost infinite variety. I 
there noted for the first time the behavior of a brood of gos- 
lings, apparently just out of the shell, as they followed the 
mother to a pond, and, as yet hardly able to walk, fairly tumbled 
into the water in her wake. Once in the water, however, they 
moved with more ease and precision, and I saw them arrange 
themselves in triangular lines, as geese do in their migrations, 
— following the mother. 
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This movement on the part of the goslings appeared to me to 
be automatic, i. e., prompted by a mechanical cause; for as the 
mother swam out, causing a widening ripple on each side, the 


young brood, seemingly without effort of their own, floated on 


the movement thus initiated, naturally stopping and arranging 
themselves along the line of the ebb of the ripple. 

As my work about the mill placed me in sight of the pond for 
many months, I saw frequently what I have just described, and 
could hardly help surmising that the arrangement of the geese 
in flight was simply a revival of the instinctive impression first 
-alled out by experience in the water, as I have described. 

I have never had an opportunity of verifying these observa- 
tions since, but drop you this note, thinking that, if there is any 
novelty about it, some person better situated may continue the 
investigation. 


Lum WoopRrvurfr. 
GALLINAS, ATASCOSA COUNTY, TEXAS, December, 1888. 


HEAVY RAINFALL AND ITS CONSEQUENCES. 


To the Editors:—In the month of June, in the year of 1885, 
there occurred at this place a heavy rain-storm accompanied by 
terrific thunder and lightning. The storm lasted perhaps an 
hour, during which time there fell nearly three inches of water. 
Immediately thereafter, a large number of fish, probably of the 
sucker variety, were seen standing upright in the water of a 
mill pond near my house. Their heads were downward and 
their tails projected above the water sufficiently far to expose 
the dor-al fin. They remained in this position for about ten 
minutes, when they disappeared. They were of such size that 
they would probably weigh from two to four pounds each. 

S. ALEXANDER. 

BIRMINGHAM, MICH., December 10, 1888. 
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CURRENT NOTES. 


Arr Pressure IN Evrope.*—This volume is “ Band II, Heft 
2” of the “Geographische Abhandlungen,” published by Pro- 
fessor Dr. Albrecht Penck, of Vienna. 

The 220 pages of this work are divided into the following sec- 
tions: 

Introduction. 

I. chapter. On the methods for obtaining comparable mean 
air pressures, and for drawing correct isobars. 

II. chapter. The monthly and annual isobars of central and 
southern Europe. 

III. chapter. Annual periods in the air pressure relations of 
Europe. 

IV. chapter. Connection between the air pressure anomalies 
of Europe and the temperature anomalies in Central Europe. 

V. chapter. The mean and absolute variability of the monthly 
and anuual means of air pressure. 

VI. chapter. The probable error of the 30 year mean air 
pressure, and the effects of this. 

VII. The variability of the differences of the mean air press- 
ures of two places. 

VIII. Reduction to the normal period of 1851-1880. 

IX. Reduction of the mean air pressures to the same level. 

X. Many year period of the air pressure. 

Appendix: Special references for the derivation of the 30 year 
mean air pressure for central and south Europe. (Showing 
the barometer corrections, source, etc.). Air pressure means 
for the period, 1851-1880. Monthly and annual means of air 
pressure for each year for some normal stations; with five year 
periods also. 

The three plates at the end of the volume contain the isobars 


for each month and the year reduced to sea-level, and for Jan- 


* Die Vertheilung des Luftdruckes iiber Mittel-und Sud-Europa Cargestellt auf Grund- 
lage der 30 jahringen Monats-und Jahres-Mittel, 1851-80. nebst allgemeinen Untersuch- 
ungen tiber die Verinderlichkeit der Luftdruck-Mittel-und-Differenzen sowie deren 
mehrjahrige Perioden, von J. Hann. Wien., 1887. 
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uary, May, July, October, and the year reduced to 500 meters 
elevation. 

Nearly all of the barometric means are reduced to the stand- 
ard of the Vienna Observatory (Barometer Pistor 279), and no 
small portion of Professor Hann’s labor in carrying out this 
work has been the collecting and applying the absolute correc- 
tions of the different station barometers whose readings are 
employed in the work. The information collected in this con- 
nection will always be of use to any one making a comparison 
of barometer observations made in different parts of Europe. 
There is somewhat of an uncertainty regarding the Vienna 
standard barometer, as to its having undergone some change in 
its removal, and remounting, in 1872, but the adopted standard 
refers to the barometer after 1872. In regard to this supposed 
change in Pistor 279, Professor Hann finds that a comparison 
of 30 year means of observations at several stations ( Vienna, 
Hermannstadt, Munich, Warchau, Laibach), shows a lowering 
of Pistor 279 by 0.23 mm., while Dr. Liznar’s report shows a 
raising by 0.27 mm. A barometer at Kremsminster, that had 
been in use many years, seemed to indicate that the barometer 
Pistor 279 had ‘not undergone any change.* Dr. Hann remarks 
that these discrepancies hayg not yet been cleared up. 

Particular attention has been given to the reduction of the 
observation, to tlfe same level (sea level), and great accuracy has 
been attained as is shown by the agreement of neighboring sta- 
tions having different altitudes. The great number of careful 
“spirit level” surveys made by the different governments have 
been used to the full extent of their accuracy. There are so 
many important parts to this memoir that only a few can be 
mentioned here. On page 52 is an interesting diagram showing 
the annual period of the air pressure in various portions of 


*I have examined into this question as carefully as I can, and am of the opinion that 
the indication of the Kremsminster barometer is not far from right, and that the 
barometer Pistor 279 now has nearly the same reading as before £872, although it may 
have been raised by half a tenth of a millimeter. This view is based upon the supposi- 
tion that the standard barometers at Greenwich, Hamburg, Stockholm and Upsala have 
remained unchanged. However, this is a difficult point to decide on account of the dif- 
ferent results obtained by various intercomparisons of European Normal Barometers 
since 1880. See the reports of Chistoni, Waldo and Sundell. F. WALDO. 
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Europe. The curves are quite irregular, showing the phases 
from continental to oceanic climates. The great difference in 
the mean annual oscillation of the barometer on the Coast and 
Inland (amounting at Wallachia to four times what it is on the 
coast of the North Sea), is clearly shown. 

The relation between the temperature and air pressure devi- 
ations for the seasons is carefully investigated by Professor 
Hann, and some of his work led to definite results, while some 
merely showed that no connection existed between the phenom- 


ena compared. For instance, “In all cases of very warm winter 
months in Central Europe, the air pressure in the N. W. over 
the Atlantic Ocean was too low; if Central Europe alone is con- 
sidered, very cold winters occur just as frequently by high as 
by low pressure. 

The following table shows approximately the dependence on 
the latitude, of the average variability of the monthly and an- 


nual air pressures: 
Latitude 0° BBP 2° 48 46° 43 38° = 32 20° 
mm. 
Mean Mo.......3.06 2.92 258 234 195 180 148 1.00 0.40 
pS eee 114 0.96 0.78 0.72 O59 O56 O48 0.36 
In getting the probable error of the many years mean, the 
formula of Fechner is used. If x = number of years of obser- 
vation (or the number of observations in general) then, 
1.1955 
Probable error = ——— X average deviation. 
yY 2n—I1 
The following values of the factor by which the average devi- 
ation is to be multiplied, may be of service to others, 
( 1.1955) 
5 immed &. 
LY 2n—1 J 
0 1 2 3 4 5 6 7 <s 9 
0.274 0.261 0.249 0.239 0.230 0.222 0.215 0.208 0.202 0.196 
191 187 182 178 «4.174 171 .167 6.164 =©.161 = .158 
156 153) «1510S .148 S146 144142) 140) 138) 136 
134 «4.1330 6131-1380 128) 6127) ss «125'—«s124 2S 128—Ss—=21 
120 19 118 «4.117 ) «3.1160 «3.1140 «6118S 112s 11S 10 
The following little table gives a general idea of the probable 


errors for grouped barometer observations: 
33 
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| 
Probable error of the 30;Number of years neces- 
years’ mean air pressure| sary for a probable error 
in him. of + 0.1 mm. 


Month of Month of 
Vean Mean 

_ |Month ‘ Month. 

Max Min. Max. Min 


Groups. 
Year. 


West-Greenland 0.68 0.30 0.45 1393 271 
North Atlantic Ocean 0.78 0.37 | 0.55 i 1840 412 
North Sea Group 0.71 0.27 0.46 15 1540 218 
Baltic Sea Group 0.64 0.23 0.438 15 (1240; 159 
North Central Europe..........058 |0.19 0.35 ; 1022) 108 
South Central Europe 0.57 |0.15 0.82 968) 67) 303 
S.E. Europe 0,39 0.13 0.28 OT | 461) 47) 159 
S.W. Europe . 0.46 0.11 0.26 ' 646, 37 210 
West Mediterranean Sea......0.48 |0.12 0.26 08 | 690) 42 207 
Tropics 0.05 0.06 0.04 | 21) 9 18 
' 


Professor Hann’s remarks on the formula for reduction to sea 
level, and the simplification of this formula for stations of low 
elevation, are of much interest to those who find it necessary to 
make such reductions, but we cannot enter into the subject here. 

In regard to the “many year” period of the mean annual air 
pressures, no definite law was established, although the positive 
and negative deviations lie in groups of unequal distribution. 
Still the author makes the statement at the close of the chap- 
ter that the mean air pressure has not only considerable “many 


year” oscillations in relation to its absolute reading, but also in 


relation to its annual variation. 

We find also given in the main tables, the mean pressure for 
each month and year for 205 places, as observed, and then as 
reduced to sea level, for the period 1851-1880; for 65 places the 
reduction is also made to the elevation of 500 meters above sea 
level. There is also given, for 39 Normal Stations, the air 
pressure for each month and year for long periods, and also in 
groups of 5 years. 

In glancing over the charts we find at sea level, in January a 
Low over the Mediterranean Sea (762.0), Highs over Spain 
(766.0), Austrian Alps (766.5), and Northern Turkey and Bul- 
garia (766.5),with the 761.5 Isobar skirting the coast of Belgium, 
Holland and Germany. 
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In April we find Highs in Algeria (762.5), Eastern Spain 
(762.0), Central Rhine Region (761.5), Southern Russia (761.5), 
and Lows in Western Mediter. Sea (759.5), Eastern Mediter. 
Sea (760.0), Eastern and Northern coast of the Adriatic (760.0). 
In Northern Germany the pressure is between 760.5 and 761.0. 
Throughout the whole of Central Europe the gradients are slight. 

In July we find Lows in Spain (762.0), extreme Eastern 
Medit. Sea (757.0), Northern Italy (760.5). In S.W. Russia 
we find the 759.0 Isobar and in S.E. England the 761.5 Isobar. 
In the Bay of Biscay there is a High of 764.0. 

In October we find Lows in $.E. England (759.0), Western 
Medit. Sea (761.0), Eastern Medit. Sea (761.0). Highs are in 
Algeria (763.0), Spain (762.5), S.E. Alps (763.5), Southern 

tussia, Crimea (765.0). 

For the year there are Highs in Spain (763.5), with 763.0 in 
N.W. Africa, S.W. Russia and Eastern Hungary (762.5). Lows 
are in the Central and Easterns Medit. Sea and Adriatic Sea 
(761.0), and across Northern Europe where the Isobars run 
nearly E. and W. Inthe extreme north of Scotland and Nor- 
way we find the 758.5 Isobar. F. WaLpo. 


THE San Ferre Stvx.— Dr. Walter Lindley, in the Medical 


Record, gives an interesting account of this tract, which lies 


below sea-level. Dr. Lindley discusses it from the therapeutic 
point of view, claiming that in it the patient can get the cura- 
tive effect of compressed air. As to its physical peculiarities, 
fauna, and flora, Dr. Lindley says: 

“Dr. J. B. Widney, of Los Angeles, while surgeon in the United States 
Army, crossed this region with troops twenty-one years ago. He then 
noticed surrounding this territory a well-detined line along the moun- 
tain-sides, always at the same level. Above that line the rocks are sharp 
and jagged, showing that for ages the water had stood at that level. 
He says: ‘I found it to be the old beach of a sea.’ I find nothing else 
noted of this country until the surveying party of the Southern Pacific 
Railroad, in running the line from Los Angeles to Yuma, found that 
sea-level was at the point where Dr. Widney had noted the ancient beach, 
They then gradually descended to the south until they reached a depres- 
sion of two hundred and sixty-eight feet below sea-level, at a point near 
Salton. 
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“This basin is about one hundred and thirty miles in length by thirty 
miles in average width. The deepest point is about three hundred and 
sixty feet below sea-level. Along the northern margin of this basin, 
right up against the mountains, are great numbers of date-palms. These 
tropical trees are indigenous to this valley, and many of them reach a 
height of eighty feet. When ripe, a single bunch of the fruit weighs 
one hundred pounds. It has a taste very similar to the date-palm of 
commerce. The tree has large fan-leaves, and is the same as can be seen 
in almost every park and yard in the towns of Southern California. The 
passenger on the Southern Pacific Railroad, by glancing out of the north 
side of the car at Indio, can see these giant sentinels keeping silent vigil 
over the plains beneath them. 

“At Salton, on the Southern Pacific Railroad, the surface of the earth 
for nearly ten miles square is covered with a crust of salt from four 
inches to a foot thick. I stopped there in midsummer and went out on 
this great white field about noon. The mercury indicated 105° F. in the 
house, but out in the sunshine, with the dazzing reflection from the glis- 
tening surface that extended for miles on each side, the temperature was : 
probably 130° F. The workmen out in this peculiar harvest-field were 
as cheerful as any set of men I ever saw, and there was far less exhibi- 
tion of suffering from heat than is to be seen, ordinarily, in July, in the 
wheat fields of the Mississippi Valley. The low relative humidity ex- 
plains the total absence of sunstroke here. The atmosphere in this 
region, adulterated by the chlorine gases emanating from the salt-beds, 
must be nearly aseptic. There are extensive mills here for grinding the 
salt. Itis not put through any system of purification, but, after grind- 
ing, proves to be excellent for table use. Several hundred tons are thus 
prepared every month, and shipped away. 

“ A few miles east of here are the famous mud volcanoes, which are 
equal in wonder tothe geysers of this State. Owing to the treacherous 
character of the ground around them they have never been thoroughly 
examined. Professor Hanks, the State mineralogist, undertook it, but 
breaking through the crust he was so severely burned that he was com- 
pelled to abandon his investigations. Here is an extensive, almost 
unexplored field for some adventurous scientist. 

“ Indio is the place to stop and make headquarters for tours through 
this interesting country. It is the principal station in the valley, and is 
near the northern rim of the basin, being only twenty feet below sea- 
level. The sandy plains around Indio were formerly considered a hope- 
less barren waste, but the advent of the railroad has made great changes. 
Good water is supplied by surface wells; but in order to have water for 
irrigation, artesian wells have been bored. There is one two and three- 
fourth miles east of Indio that is now flowing one thousand gallons per 
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hour. This flowing water was reached at a depth of only one hundred 
and fifteen feet, after boring through layers of sand, clay, sand, tough 
blue clay, clay, coarse gravel, clay,and sand. Oranges and various other 
kinds of fruit are being grown here, and melons, tomatoes and berries 
ripen several weeks earlier than at Los Angeles and other places near 
the coast. There are in this vicinity about forty thousand acres of ex- 
cellent land. The visitor here, on witnessing the water flowing from the 
artesian wells, the grass growing, the melons ripening, and the peach- 
trees blooming, can fitly say with Isaiah: ‘The Lord shall comfort all 
the waste places. He will make the desert like the garden, and the des- 
ert shall rejoice, and bloom as the rose. For in the wilderness shall 
waters break out, and streams in the desert. And the parched ground 
shall become a pool, and the thirsty land springs of water.’ 

“In this valley live about four hundred of the Cohuilla Indians. This 
is an interesting tribe. Dr. Stephen Bowers, in a paper read before the 
Ventura County Society of Natural History, March 5, 1888, said that he 
believed them to be of Aztec origin. They are sun and fire worshipers, 
and believe in the transmigration of souls, and that their departed 
friends sometimes enter into coyotes, and thus linger about their former 
habitation. They practice cremation. Their principal article of food is 
the mesquit bean, which they triturate in mortars of wood or stone, after 
which the meal is sifted and the coarser portion is used as food for 
their horses and cattle, and the finer is made into cakes for family use- 

“The agave, or century-plant, which is indigenous here, is also much 
used for food. The roots, roasted, taste like stewed turnips, while the 
stem, roasted, is said to taste like baked sweet-potatoes. From this plant 
they also make the Mexican beverage, pulque, which has about the same 
alcoholic strength as beer. The ethnologist can, by gaining their confi- 
dence, get much interesting information from these very peaceable 
Indians. 

“T found at Salton and Indio asthmatics, rheumatics, and consump- 
tives, all of whom reported wonderful recoveries. Some of these stories 
I accepted cum grano salis, which quotation is, by the way, especially 
applicable to the salt-fields. These asthmatics and consumptives claim 
that the farther they get below sea-level and the dryer the atmosphere, 
the easier they breathe. The rheumatics claim that the heat and dryness 
improves the circulation, and thus relieves them.” 


Among other places below sea-level, Lindley notes the sink of 
the Amorgosa (Arroyo del Muerto), in eastern California, two 
hundred and twenty-five feet below sea-level. The Caspian Sea, 
eighty-five feet below sea-level. Lake Assal, east of Abyssinia, 
in the Afar country, eight miles long and four miles wide, is 
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about seven hundred and sixty feet below sea-level. Its shores 
are covered with a crust of salt about a foot thick. This salt is 


a source of revenue to the Afars, as they carry it by caravans to 


Abyssinia, where they find a ready market. There are several 


other depressions about six hundred feet below sea-level in this 
vicinity. The noted oasis, Siwah, in the Libyan desert, three 
hundred miles west of Cairo, is one hundred and twenty feet 
below sea-level. Here are beautiful date-palm groves, and here 
also the apricot, the live, the pomegranate and the vine are 
extensively cultivated. In this same desert is the oasis Araj, 
two hundred and sixty-six feet below sea-level. There are also 
numerous other depressions in the desert portion of Algeria and 


at various points on the Sahara Desert. 


THE Geeat Storm OFF THE ATLANTIC Coast, Marca 11-14, 
1888.— The literature of this subject has been enriched by a 
paper prepared by Mr. Everett Hayden, U.S. Navy, in charge 
of the division of Marine Meteorology, U. 8S. Hydrographie 
Office. It discusses the observations made by vessels off the 
coast «luring that disastrous storm, and thus supplements the 
papers already published which discuss those made on land. 
The path of the cyclone was wholly in the ocean, after it entered 
the Atlantic as a mild storm on the Carolina coast; its great 
development was wholly in the ocean, and therefore this paper 
is a supplement to those already published in time merely. In 
importance it outranks the earlier contributions, and it may be 
said at the outset that the treatment of the observations and the 
discussion of the results are proportionate to the importance of 
the subject. 

The paper has appeared in two forms —in the National Geo- 
graphic Magazine and as Nautical Monograph No. 5. The 
Magazine is published by the National Geographic Society, an 
incorporated society organized at Washington in January, 1888, 
before which a number of valuable papers have already been 
read. The two forms of the paper are nearly alike; in the Nau- 
tical Monograph there are fuller citations from the reports of 
mariners, and several appendices are given which do not appear 
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in the Magazine, as they were not a part of the paper as read 
before the society. 

The Monograph begins with four charts, carefully prepared 
and finely executed in color, showing the meteorological condi- 
tions at noon, March 11, 12, 13 and 14. Two other charts show 
the positions of the trough of low barometric pressure and the 
tracks of certain vessels, and the fluctuations of pressure. The 
text follows, and explains in detail the charts, giving the history 
of the storm, a brief statement of the laws of cyclonic storms, and 
of the ocean factors such as the Gulf Stream and Labrador 
current, which cause oftentimes such an increase in intensity of 
cyclones which enter the ocean from the land. It contains well 
selected extracts from the reports of vessels, and a chapter upon 
the use of oil in preventing heavy seas from breaking, as illus- 
trated in this storm. The appendix consists of four tables: the 
first contains miscellaneous data, such as recurds of wind, snow 
and rain, barometric oscillations, compiled from various sources; 
the second is a sadly long list of vessels wrecked; the third is 
made up of detailed reports from vessels, and the fourth gives 
the observations at Greenwich noon, on successive dates, from 
which the charts were constructed. 

Examining the charts and text, the reader notes at once that 
deserved prominence is given to the trough feature of the storm. 
This trough on the first day, the 11th, extended from the Gulf 
of Mexico northerly into Canada. As it moved easterly the 
southern end moved with the greater velocity, giving the trough 
the appearance of having swung around, so that on the 14th it 
was well nigh perpendicular to its position on the 1lth. Several 
centres formed in this trough. On the 11th there were two, one 
in Canada, the other less severe in South Carolina. The latter 
developed great energy after it reached the ocean, and turning 
northeasterly reached the New England coast and was dissolved, 
while another center forming in the ocean south of the former 
continued a northeasterly course in the Atlantic. The daily 


charts do not make it perfectly clear when the last named 


cyclone was formed, nor whether it was the second which came 
up the coast to New England, but the charts of the U. 8S. Signal 
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Service, published in the March Weather Review, supply the 
needed information on the latter point, though they throw no 
light on the former. It is probable, however, that the third cen- 
tre formed on March 12th as drawn, but it may be doubted 
whether the data themselves are quite sufficient to give this 
information and to warrant the enclosing of two elliptical areas 
rather than one on the chart. 

The chief interest of the publication lies in its skillful hand- 
ling of marine data. The land meteorologist with his fixed 
stations, does not realize the difficulties of the marine metereolo- 
gist whose stations are moving, and whose barometers may have 
considerable changes in their instrumental corrections from 
time to time. In the tabulation, correction, and discussion of 
marine reports, the author has shown great care and skill, and 
much of his work (such as the critical examination of the re- 
ports, correspondence with the mariners, and calculation of in- 
strumental corrections), does not appear in the final publication. 
The result of all this painstaking is apparent in the tables and 
charts, which are models of their kind. 

The paper is written primarily for the benefit of navigators, 


and is therefore quite full in its quotations from the records of 


vessels, and in the discussion of the practical subject, the use of 
oil. It is for the same reason written in an easy popular style, 
and it is bound in a more durable manner than is usual with 
such publications. The reviewer has noted nothing deserving 
adverse criticism, but would suggest that the use of the collo- 
quial “low” and “high” might be advantageously discontinued 
by several writers on meteorological subjects. A question may 
be raised whether the statement that areas of high pressure 
move as a rule more rapidly and with greater momentum than 
low areas, has been accepted as a clearly established fact. 
Without having actually examined the statistics, the reviewer 
would doubt this, so far as the eastern United States is con- 
cerned. 

The monograph is numbered 5, and will compare formably 
with its predecessors. The first three are Maury’s papers on 
the Winds at Sea and two on the Barometer at Sea, all written 
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before the civil war, while the fourth is a brief discussion of two 
cyclones which were felt in the North Atlantic, in August, 1883. 
The monograph now issued shows the advance which has been 
made in the methods of carrying on such investigations, espe- 
cially in the matter of collecting simultaneous observations even 
at sea, and preparing synchronous charts. W. U. 

THE METEOROLOGICAL RESULTS OF THE ToTaL SouarR EcuipseE. 
—A very complete series of meteorological observations was 
made at Willows, California, during the eclipse of January 1, 
1889, by Professor Winslow Upton, of Brown University, Provi- 
dence, R. I., and A. Lawrence Rotch, of the Blue Hill Meteoro- 
logical Observatory, near Boston. Both these gentlemen had 
made meteorological observations during the total solar eclipse 
of August 19, 1887, in Russia, and owing to the nature of the 
observations they were less affected by the unfavorable weather 
than were the astronomers. The instrumental equipment of 
the party for meteorological work in 1889 has probably not been 
equalled in this or previous eclipses. It consisted of a record- 
ing aneroid barometer with large time and pressure scales, a 
recording wind-vane and anemometer, recording thermometer 
for air temperatures and recording solar thermometers with 
black and bright bulbs. There were also the standard instru- 
ments for eye readings including thermometers for air and sun 
temperatures and three aneroid barometers. 

The full discussion of the observations will probably be pub- 
lished with the astronomical work of Mr. W. H. Pickering in 
the Annals of the Harvard College Observatory and in abstract 
in this JourNnAL. The results of the observations may be sum- 
marized as follows: The sky was perfectly clear during totality. 
The fluctuations of the barometer due to the eclipse were small, 
and possibly were within the limits of errors of observation. 
The air temperature fell about six degrees below its normal, and 
the black and bright bulb thermometers in vacuo approached to 
within 1.6° F. of each other, the lowest temperatures in both 
cases occurring several minutes after totality was over. No 
dew formed. The wind backed slightly in direction and its 
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velocity decreased almost to a calm before totality; it veered 
again and its velocity increased afterwards. Drawings were 
made with a three-inch telescope and with the naked eye, of the 
sun’s corona, which resembled that of 1878. The darkness dur- 
ing the total phase was less than in 1887, when it was cloudy, 
and was estimated to equal that of twenty minutes after sunset. 
Professor Upton has for some time been interested in the 
“ shadow bands,” the long dark bands separated by white spaces 
which are seen moving rapidly on the ground or sides of build- 
ings, just before and just after the total phase of an eclipse. 
These were seen by Professor Upton, at Willows, and an at- 
tempt was made to photograph them. Professor Upton had 
previously distributed circulars to persons living along the line 
of totality, especially at places near the edge of the shadow, re- 
questing information upon the following points: (1) the diree- 
tion in which the bands lay; (2) the direction in which they 
moved; (3) the velocity with which they moved; (4) the width 
of the bands and their distance apart. He has received a num- 
ber of replies to the circulars, and hopes by discussing the data 
to throw some light on the curious phenomena of the shadow 
bands which have not yet been satisfactorily explained. 
Through the enterprise of Professor D. P. Todd, who had 
distributed a cipher code to all the eclipse observers, and the 
generosity of the Western Union Telegraph Company, in put- 
ing at his service a special wire, three thousand miles long, 
from California to New York, the results of the observations 
reached New York before the moon’s shadow left the earth, thus 
proving the availability of the telegraph in subsequent eclipses, 
to call the attention of observers in the east to phenomena 


previously noted by western observers as worthy of study. The 


deciphered astronomical and meteorological dispatches were 
published in full the morning after the eclipse by the New 
York Herald. A. L. R. 


Royat Merroro.oaicaL Socrery.— The Anniversary Meeting 
of this society was held on Wednesday evening, January 16th, at 
the Institution of Civil Engineers, 25 Great George Street, 
Westminister: Dr. W. Marcet, F. R. S., President, in the chair. 
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Mr. Maxwell Hall, Mr. G. T. Livesey, M. Inst. C. E., Mr. C. 
W. Priestlay, B. Sc., Mr. J. Radcliffe, and Rev. J. R. Stratten, 
were elected Fellows of the Society. 

The report of the Council showed that a large amount of 


work had been done during the past year, and that considerable 


progress had been made in the investigation of one of the most 


interesting and hitherto neglected branches of meteorology, viz, 
thunderstorms. Forty-nine new Fellows were elected last year, 
the total number on the books now being 525. 

After the report had been adopted the President delivered an 
address on “ Fogs,” which he illustrated by a number of inter- 
esting lantern slides. Fogs and clouds are one and the same 
thing. A cloud is a fog when entered into, and a fog seen from 
a distance, suspended in the air, becomes a cloud. After de- 
scribing the various kinds of fog, e. g., river, sea, Newfoundland, 
radiation, town, etc. fogs, Dr. Marcet referred to London fogs. 
Dr. Tyndall has accounted for them by assuming each particle 
of condensed vapor to be covered by coal-smoke. These fogs 
usually accompany a high barometer, and are frequently dry in 
their character. It is a well-known fact that cold air on the tops 
of hills being heavier than the air below, slides down the slopes, 
so that the lower parts of hill-sides are actually colder than the 
plains at some distance from the hills. Now, London, in the 
Thames valley, is surrounded by hills to the north Highgate, 
Hampstead and Harrow, in a westerly direction, Putney and 
Wimbledon; and in a more southerly direction, Clapham, and 
Sydenham. The air is colder on these hills than in London 
with its million of inhabitants, its coal fires and factories, hence, 
it is heavier and will have a great tendency to slide down the 
hills toward the town and the river. Should the air in town be 
on the point of saturation, and the cold air from above satura- 
ted with vapor, it is obvious that the increased cold from above 
will produce a precipitation of moisture, and it will come to pass 
that a fog is produced. If the hill-tops be not only colder than 
the air below but enveloped in a fog, it stands to reason that the 
fog below will be all the denser, and especially in the neighbor- 
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hood of water, such as the river Thames, and the ornamental 
waters in the parks. 

The list of Officers and Council for the ensuing year presents 
but few changes on that of the year past. The president and 
secretaries remain the same. 

The monthly meeting for February of this Society was held 
Wednesday, the 20th, at the Institution of Civil Engineers, 25 
Great George Street, Westminister: Dr. W. Marcet, F. R. S., 
President, in the chair. 

Mr. H. D. Richmond, F. C. 8., and Dr. F. G. Smart, M. A., F. 
L. 8., were elected Fellows of the Society. 

The following papers were read: 

(1). “Report on the Helm Wind Enquiry”: by Mr. W. Mar- 
riott, F. R. Met. Soc. The Helm Wind is peculiar to the Cross 
Fell range of mountains in Cumberland, which runs from north- 
north-west to south-south-east. This range is high and contin- 
uous, and is not cut through by any valley. Cross Fell is 2,900 
feet above sea level. From the top of the mountains to the 
plain on the west there is an abrupt fall of from 1,000 to 1,500 
feet in about a mile and a half. At times when the wind is from 
some easterly point the Helm forms over this district; the chief 
features of the phenomenon being the following: A heavy bank 
of cloud rests along the Cross Fell range — at times reaching 
some distance down the western slopes, and at others hovering 
just above the summit; while at a distance of two or three miles 
from the foot of the Fell a slender roll of dark cloud appears in 
mid-air and parallel with the Helm Cloud; this is the Helm 
Bar. The space between the Helm Cloud and the Bar is usually 
quite clear, while to the westward the sky is at times completely 
covered with cloud. The Bar does not appear to extend further 
west than about the river Eden. A cold wind rushes down the 
sides of the Fell and blows violently till it reaches a spot nearly 


underneath the Helm Bar, when it suddenly ceases. The obser- 


vations that have been made in the district during the past three 
or four years show that the Helm Wind is not such a rare occur- 
rence as it was popularly supposed to be, the Bar having been 
observed on 41 occasions in 1885; 63 in 1886, and 19 in 1887. 
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The phenomenon takes place usually when the sky to the east- 
ward is covered with cloud. 

(2). “An Atmospheric Sketch”: by Mr. F. A. Velshow, F. 
R. Met. Soe. 

(3). “The Drought in New South Wales in 1883-4, and 
Rainfall at Corella, 1879-88”: by the Ven. Archdeacon Wynne, 
F. R. Met. Soc. 

THE Snow Limit.*—The subject of the snow limits on 
mountains is of great interest to all geo-physicists, and the 
present paper is of much value on account of the completeness 
with which it deals with this phenomenon for the particular 
region under investigation. The level of the valley to which 
the observations are reduced, as a base, is about 570 meters 


above the sea level. The observations were made at Innsbruck 
in the years 1863-1878, by the father of the author of the paper, 
and forms a complete series for both northern and southern ex- 


posures. In the principal table there is given (for both expos- 
ures) for each day of the year: the mean elevation, the maximum 
elevation and the year when it occurred, the minimum ele- 
vation and the year when it occurred, the amplitude, the num- 
ber of years with snow down to 570 meters, the number of years 
cf observation. ' 

There is also given for each day of the year, for the south ex- 
posure only, the average values with the exclusion of the four 
highest and four lowest observations, and this mean of the 
seven or eight years used is called the “mean of the central half 
of the years” or the “central mean”; and also the means of the 
five highest and lowest values called the “central limits,” and the 
amplitude. H. Denzler in his work on the observations made 
by J. Zuber on the snow limits for the northern side of the 
Alps, from Lake Geneva to Santis (1821-1851), mentions the 
importance of this “central mean” (inneres Mittel ), but did not 
carry out the computations of this work. 





* Untersuchungen tiber die Schneegrenze im Gebiete des mittleren Innthales. von 
Fritz Ritter Kerner v. Marilaun. Aus dem LIV Bande der Denkschriften d. Kais, A 
kad. d. Wissenschaften. Wien. 1887. 
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The following table of monthly means is of interest: 


Elevation of Snow Limit Above Sea Level. nw 
Difference Between 


N. and S. Exposures. 
Month. . South Exposure. North Exposure. 

Dee. 741m 680m 61m 
Jan. 647 a92 5d 
Feb. 738 DUS 140 
Mir. 960 238 
April 1267 161 
May 1699 54: 156 
June 2192 2025 163 
July 2677 210 
Aug. 3127 2932 195 
Sept. 3207 146 
Oct. 2154 ‘ 264 
Nov. 1303 7 296 


This paper of 61 quarto pages, with 1 plate and 11 wood-cuts, 
gives a complete discussion of the data used, and it seems to the 


reviewer that it forms an excellent model for similar works. 


F. Wa.po. 


THE GOVERNMENT OBSERVATORY AT BomBay, under the direc- 
tion of Charles Chambers, Esq., F. R. 8., has recently issued 
its twenty-seventh volume of magnetical and meteorological 
observations, relating to the year 1886. The observatory is at 
Coliba, situated on the harbor a few miles from Bombay. The 
present report contains careful descriptions of the instruments 
employed, the means, maxima and minima of the automatic reg- 
isters of the usual meteorological and magnetical elements, also 
five-day means for 1886, and annual and lustral means for 1881 
to 1886. There are six appendices relating to magnetical sub- 
jects, of which the most interesting is that relating to the 
luni-solar variations of declination and horizontal force. Mr. 
Chambers finds that the luni-solar variations can be very closely 
expressed by a formula which a diurnal harmonic of which the 


amplitude varies from day to day during the season. 


THE CLIMATE OF BELGIum.*— This little volume of 79 pages, 
extracted from the “Annuaire de l’Observatoire Royal de Brux- 
elles pour 1888,” contains averages of the meteorological obser- 


* Le Climat de la Belgique, en 1887. Par A. Lancaster. _ 
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vations made at Brussels, arranged for each month of the year; 
charts, showing ten day periods of the temperature and baromet- 
ric pressure at Brussels; and monthly résumés of the climate 
of Belgium (Brussels and a few other places). Taking Brus- 
sels as representative of Belgium, the following table will give 
a good idea of the climate: 


Normal values or 
extremes. 


Mean barometer hight at noon..... 756.2 mm. 
Greatest mean barometer hight.... 759.3 
Least ° ° aa 753.7 
Mean temperature for the year..... 10.3 
Greatest mean temperature for 

the year 12.1 
Least mean temperature for the 
Absolute maximum temperature., 
Absolute minimum temperature... 
Mean number of days with frost... 
Max. 7 : F 
Min. “9 


S.W. (30), W. (17) S.W. (25), N.E. (14) 


> sailing wi . . , 
Prevailing winds (prop. to 100)... } S. (12), E. (11) W.(14), E. (13). 


Humidity at noon 74.1 72.6 
Mean evaporation of a day 2.3 mm. 22 mm. 
Total evaporation of a year 834. 797 
Rainfall 679 560 
52 62 
731 
1046 
449 
Days with precipitation 195 
rain 188 
25 
hail ‘ 11 
thunder....... 17 
lightning and thunder. 6 
DR ccicieeves 63 
CT IE niccckisnccnnnnernninciants wes 36 36 
Clear dayS............ 9 5 
ORR CORB ino. cce coves cccccrcecses 6.7 6.6 
The year is counted from December to November, inclusive. 
F. W. 
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THE MARITIME CONFERENCE.—An act of Congress, approved 
by the President July 9, 1888, provided for an International 
Maritime Conference to secure greater safety for life and prop- 
erty at sea. Invitations were accordingly extended to each 
maritime nation to send one or more delegates to meet in Wash- 
ington April 17, 1889, as was stated on the Pilot Chart of last 
September. Owing, however, to unexpected delay in receiving 
the responses of important maritime countries, and in view of 
the limited time remaining within which to prepare the pro- 
gram of the subjects to be brought before the Conference, and 
to communicate the same to the several Governments for their 
information and use in instructing their delegates, the President 
has deemed it advisable to postpone the meeting of the Confer- 
ence until a later date. The various Governments invited to 
participate in the Conference have been notified accordingly, 
and this delay will permit the seasonable completion of the nec- 
essary preliminary arrangements. 


Srupy or OcEAN CurRRENTs.—With characteristic enterprise, 


the Division of Marine Meteorology of the Hydrographic Office 
has formed a plan for the systematic study of ocean currents by 
means of floating objects thrown from our men-of-war. These 
objects are to contain a paper in six languages, giving the head- 
ing, time of throwing overboard, time of finding, and directions 
for forwarding the find to the Hydrographic Office. The paper 
is unusually neat, compact, and easily understood. 


CLIMATE OF BELGIUM For 1888.—Mr. A. Lancaster’s attractive 
annual account of the climate of Belgium, of 92 pages, duodec- 
imo, with several graphic representations of the progress of the 
elements, and many tables, makes a model which some one 
ought to follow in this country. This is published as a part of 
the Annuaire of the royal Belgium observatory, of which Mr. 
Lancaster is meteorological inspector. 

















LAS VEGAS HOT SPRINGS, 


NEW MEXICO. 
ccatiienicelleclliiata : 
HIS delightful health and pleasure resort is situated on the southern slope of 
the Santa Fe Range of the Rocky Mountains, at an elevation of nearly 7,000 
feet above the sea. The Springs, some forty in number, vary in temperature from 
very warm to entirely cold, and are very widely celebrated for their curative effects 
upon almost all forms of chronic disease. The bathing facilities are unequaled. 

The climate is unexcelled for clearness and brightness, and the proportion of 
sunny to cloudy days is about ten to one, either in winter or summer. The location 
is a beautiful one. in the midst of mountain scenery, affording opportunity for 
walks, drives, climbing, and continuous out-door life, without hardship or exertion. 
Every accessory of woods, rocks, running water, flowers, brilliant sunshine, and 
magnificent distance is present. 


The Phcenix Hotel 


MEE Tn 





Is a commodious and massive structure of stone—the finest watering-place hotel 
west of the AHeghenies. It has every convenience of modern times, and is ele- 
gantly furnished and supplied. 

The Springs and Hotel are located on a branch of the main line of the SANTA 
FE ROUTE, six miles from the town of Las Vegas, New Mexico; is readily acces- 
sible by telegraph, telephone, and four passenger trains per day. It is extensively 
used as a resting and bathing place by trans-continental tourists ky this celebrated 
route, as well as by all classes of rest, pleasure,and health seekers from every part 
of the country. 

Pamphlet, describing Hotel, Springs, and points of interest in that vicinity, will 
be sent postage prepaid upon addressing 


GEORGE T. NICHOLSON, General Passenger and Ticket Agent, 
TOPEKA, KANSAS 


NORTHERN PACIFIC RAILROAD 


LANDS FOR SALE 


The Northern Pacific Railroad C company has a large quantity of very productive and desirable 


AGRICULTURAL AND GRAZING LANDS for sale at Low RATES and on KASY TERMS, 
These lands are located along the line in the States and Territories 
traversed by the Northern Pacific Railroad as follows: 


In Minnesota, - = - - Upwards of 1,350,000 Acres 
In North Dakota, rf "000, OOO Acres 
In Montana, - ie 19,000,000 Acres 
In Northern Idaho, - - 1,750,000 Acres 
In Washington and Oregon, - ~ - 12;000;000 Acres 


AGGREGATING OVER 40,000,000 ACRES. 


These lands are for sale at the LOWEST PRICES ever offered by any railroad company, ranging chiefly 


FROM $1.25 TO $6.00 PER ACRE, AND ON 5 AND 10 YEARS’ TIME, 


For the best Wheat Lands, the best diversified Farming Lands, and the best Grazing Lands now open 
tor setulement. 

In addition to the millions of acres of low priced lands for sale by the Northern Pacific R. R. Co., on 
easy terms, there is an equal amount of Government lands lying in alternate sections with the railro: id 
lands, open for entry, free to settlers, under the Homestead, Pre-emption and Tree Culture laws. 


WRITE FOR PUBLICATIONS RELATING TO MinnesoTA, NoRTH Dakota, MONTANA, NORTHERN IDAHO, WASHINGTON AND OREGON 


An attractive belt of country reaching from Lake Superior to the Pacific Ocean and Puget Sound, and 
noted for its rich natural resources. 

The Northern Pacific Railroad Company mail free to all applicants the following Illustrated 
Publications, containing valuable maps, and describing Minnesota, North Dakota, Mon 
tana, Idaho, Washington, and Oregon, viz.: 

SECTIONAL LAND MAP OF NORTH DAKOTA, showing the Government lands 

open to settlers, and those taken up, and the railroad lands for sale, and those sold in the dis- 
trict covered by the map. 
A’ —_ Ay > ted AL LAND MAP OF EASTERN WASHINGTON AND NORTHERN 
AHO, showing the unoccupied and occupied Government lands, the sold and unsold railroad 
lands, aan descriptive matter relating to this portion of the Northern Pacific country. 


SECTIONAL LAND MAP OF WESTERN AND CENTRAL WASHINGTON, 

owns the unoccupied and oceupied Government lands, the sold and unsold railroad lands, in 

Central and Western Washington, including the Puget Sound section, with descriptive nratter concern 
ing the extensive timber regions, mineral districts, and the agricultural and grazing lands. 


MONTANA MAP, showing the ry Grant of the Northern Pacific R. R. Co., and the Govern- 
ment surveys in the district covered by the map, with descriptions of the country, its grazing 
ranges, mineral districts, forests, and agricultural sections. 


ALSO SECTIONAL LAND MAPS OF DISTRICTS IN MINNESOTA. 


When writing for publications, include the names and addresses of acquaintances, and publications 
will be sent to them also. 


SUPERB TRAIN SERVICE 


The Northern Pacific passenger trains are equipped with Pullman palace sleeping 
ears, coionist sleeping cars, dining cars, and first-class coaches. The colonist sleeping cars are run on 
the daily fast through express trains, without extra charge for berths. 

For full information relative to rates, tickets, sleeping and dining cars, and for 
copies of illustrated peentions including the “ Wonderland” and “Alice Folder,” deseribing the 
summer resorts, Yellowstone National Park. California, Alaska, ete., with maps of the Park and line of 
road, apply to or address 


GHAS. S. FEE, Gen’! Pass. and Ticket Ag’t, St. Paul, Minn. 


te WRITE FOR PUBLICATIONS. “&. 


They are illustrated, and contain valuable maps and descriptive matter, and are MAILED FREE OF 
CHARGE to all applicants. For information relating to lands and the Northern Pacific country, address 


P. B. GROAT, OR CHAS. B. LAMBORN, 


GENERAL EMIGRATION AGENT, LAND COMMISSIONER, 
ST PAVL, MIBITEsoTr~.. 





DRAPEP’S SELF-RECORDING THERMOMETER, 


DESCRIPTION OF THE INSTRUMENT = . 
AND DiRECTIONS FOR ITS USE. gives a permanent 


and continuous rec- 


ord in ink of the 
temperature. The 
chart indicating 
hours of the day and 
days of the week, 
gives the degrees of 
temperature from 20° 
below. zero to 110° 
above. All instru- 


This thermome’er 


ments are accurately 
adjusted and _ war- 
ranted. The record 
is easily read and ab- 
solutely correct. Sold 


i Danan grare®s by the leading in- 


RECOROING woul ( strument dexleys and 


PATENTED INA? opticians throughout 


. 


The Draper Me's Co. the United Statesand 
152 FRONT'ST, i ‘ 
NEW YORK. Canada, and by 


* 








the DRAPER 
MANUFACTURING CO., 
SIZE 14 BY 20 INCHES. 


Protected by Letters Patent in the United St ites, Canada, Great Britair ‘Owners of the United 
rance, Germany, Austria, Hungary and Belgium. 
= States i 
STANDARDIZED AXD WARRANTED. States and foreign 
MANUFACTURED BY THE patents, 152 Front 


DRAPER MANUFACTURING COMPANY, Street. New York. 
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O STUDENTS IN ASTRONOMY, 
AN INTERESTING PROBLEM. 
titude of the Detroit Observatory, Ann Arbor, Mich., determined by the Zenith Telescope, etc. Pamphlet 


55 pages, $1 50; Edition limited to 100 copies; 50 unsold. Address REGISTER PUBLISHING Co., Ann 
Arbor. Mich. 





OLORADO COLLEGE, 
COLORADO SPRINGS, COLORADO. 


HE CLASSICAL, LITERARY AND SCIENTIFIC DEPARTMENTS are now strongly equipped, 
Special Winter Courses are given 1m Assaying and teterminative Minerology. 
Siudents unable to continue their work in the East on account of Pulmonary diseases or Malaria, in this 
climate can pursue their studies uninterruptedly, and often regain their health at the same time. 
For further infurmation Address President SLocom. 














STANDARD THERMOMETER 


LAGIBLE (x RE te. \ ACCURATE 


5 inch Dial. 8 inch Dial. 


$250, & J S250. 


Rate 





ee 
(Metallic.) 


Special Thermometers for Meteorologists with or without Telemeter 
attachments. 


AGENTS: 


THE FAIRBANKS SCALE HOUSES 


In the principal cities of the United States. 


TUST OUT! 
RESEARCHES IN ELECTRO-ALLOTRO PICPHYSIOL ocy 


Containing much scientific information and many valuable abstracts on Electro-Thera- 
peutics. This handsome 115 pp. pamphlet will be mailed for only 24 cents in stamps | 
to those who mention *‘ THE AMERICAN METEOROLOGICAL JoURNAL.” Address, 


JEROME EIDDER M’P’G CO., 820 Breadway New York, W. Y.) 
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Chicago, Mliwaukee & St. Paul R’y. 


Steam Heated and Electric Lighted Ves- 
tibuled Trains to St. Paul and Minne- 
apolis. , 

Finest Dining Cars in the World. 

Through Sleeping Cars to Denver. 

The Route of the first “ Golden Gate Spe- 
cial.” 

Excursion Tickets to Colorado. 

Excursion Tickets to Calfornia. 

Everything First-Class, 

First-Class weap patronize First-Class 
Lines. 

Ticket Agents everywhere sell Tickets 
over the Chicage, Milwaukee & St. Paul 
Railway. 


























